Abstract A delivery person must leave the central location of the business, deliver packages at a number of addresses, and then return. Naturally, he/she wishes to reduce costs by finding the most efficient route. This motivates the following:
Definitions and Introduction
In this paper, all graphs are simple (i.e., no loops or multiple edges). For vertices u and v of a graph G, let d (u, v) denote the standard distance from u to v (i.e., the length of a shortest path from u to v). Let G = (V (G), E(G)) be a graph of order n (|V (G)| = n) and size m (|E(G)| = m). Let x ∈ V (G). Recall that the eccentricity e(x) of a vertex x is max v∈V (G),v =x d (x, v) .
Let G and H be two graphs. The join of G and H, namely G + H, is the graph with
The disjoint union of G and H, namely G ∪ H, is the graph whose
where P(S) is the set of all permutations of S and x i = x j , 1 ≤ i, j ≤ k. This concept was introduced in [1] and expanded in [2] . That is the same as saying that
is the length of a shortest closed walk through the vertices
For a connected graph G, the minimum closed k-stop eccentricity among the vertices of G
For our purposes, the definition based on the k-stop eccentricities is more useful.
. We thus consider k ≥ 3. In particular, the closed 3-stop distance of x, y and z (x = y, x = z, y = z) is
For simplicity, we will write d 3 (x, y, z) instead of d 3 ({x, y, z}).
The closed 3-stop eccentricity e 3 (x) of a vertex x in a connected graph G is the maximum closed 3-stop distance of a set of three vertices containing x, that is,
The minimum closed 3-stop eccentricity among the vertices of G is the closed 3-stop radius, that is, rad 3 (G) = min x∈V (G) e 3 (x). The maximum closed 3-stop eccentricity among the vertices of G is the closed 3-stop diameter, that is, diam 3 (G) = max x∈V (G) e 3 (x). The periphery P (G) of a graph G is the subgraph induced by the vertices having maximum eccentricity. For more on standard periphery of a graph we refer the reader to [3, 6] and [7] . The closed 3-stop periphery P 3 (G) of G is the subgraph induced by the vertices having maximum closed 3-stop eccentricities [2] . For a given graph G, if there exists a graph H such that P 3 (H) ∼ = G, we define the closed 3-stop peripheral appendage number of G, AP 3 (G), to be the minimum difference |V (H)| − |V (G)| over all graphs H such that P 3 (H) ∼ = G. For more on standard peripheral appendage number of a graph we refer the reader to [8] and [9] .
The center C(G)
of
